A DNA probe specific for Listeria monocytogenes was isolated from a beta-hemolytic recombinant clone of an L. monocytogenes gene bank. It was labeled with horseradish peroxidase and used in a direct colony hybridization method on hydrophobic grid-membrane filters for the detection of the organism. Following color development of the chromogen, a commercial counter (HGMF Interpreter) was able to detect and count the organisms electronically. The method gave a positive reaction with 70 L. monocytogenes strains, while showing a negative reaction with 10 strains of other Listeria spp. and with 20 organisms of other genera.
Within the past 8 years, five serious outbreaks due to food-borne Listeria monocytogenes have been reported in North America and Europe, with mortality rates ranging from 15 to 44% (8) . As a result, there has been a marked increase in the number of Listeria determinations performed in food microbiology laboratories, and methods which are more rapid and specific than the present conventional ones are required by both regulatory and industrial laboratories (6) .
The analytical food microbiology system based on the hydrophobic grid-membrane filter (HGMF) requires that the bacterial growths be colored for detection and identification. The HGMF Interpreter can then be used for rapid, automated counting of the organism of interest (22) . Supporting this system, HGMF-based methods that use enzyme-labeled polyclonal and monoclonal antibodies have been developed for the detection of Salmonella spp. (1) , enterotoxigenic Staphylococcus aureus (19) , and Escherichia coli 0157 (24) in foods. Methods that use monoclonal antibodies and DNA probes for bacterial detection are specific and do not require time-consuming biochemical testing for confirmed identification of the organism (13) .
The detection of L. monocytogenes by DNA colony hybridization in foods was reported by Datta et al., who used as a probe either a fragment from a presumptive betahemolysin gene cloned in pUC8 (4) or a synthetic oligonucleotide (5) . These probes were labeled with radioisotopes. It seemed that the development of a chromogen-labeled DNA probe specific for L. monocytogenes would be useful in a rapid HGMF-based detection method for this organism. We report here on the preparation of a genomic library of L. monocytogenes in pUC18 and of its screening for a DNA probe specific for L. monocytogenes. The probe was then enzyme labeled and used in a colorimetric colony hybridization method to demonstrate its usefulness in the direct detection of the organism on HGMF.
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MATERIALS AND METHODS
Bacterial strains. L. monocytogenes 81-861, serovar 4b, was isolated from the coleslaw implicated in the outbreak of listeriosis in the Maritime Provinces of Canada in 1981. All strains of Listeria spp. and of other genera (Tables 1, 2, and  3) were from the collection of the Health Protection Branch or from the American Type Culture Collection. Host cell strain E. coli DH5a [F-, endAl hsdRJ7 (rk-Mk+) supE44 thi-J X-recAl gyrA96 relAl A(argF-lacZYA)U169 480dlacZ AM15] was obtained from GIBCO/BRL Ltd., Burlington, Ontario, Canada.
Materials. Reagents and equipment were purchased from the following suppliers: restriction endonucleases, T4 DNA ligase, low-melting agarose, supercoiled DNA molecular weight markers, and pUC18 vector DNA were from GIBCO/ BRL Ltd.; 5-bromo-4-chloro-3-indolyl-,-D-galactopyranoside (X-Gal), isopropyl-3-D-thiogalactopyranoside, deoxynucleotides, RNase, and ampicillin (sodium salt) were from Boehringer-Mannheim Canada Ltd., Dorval, Quebec; cesium chloride, EDTA, horseradish peroxidase (HRP), sodium dodecyl sulfate (SDS), and polyethylene glycol 8000 were from Sigma Chemical Co., St. Louis, Mo.; Lugalvan G35 (polyethyleneimine) was from BASF Canada, Toronto, Ontario; Gene-Clean was from Bio 101, La Jolla, Calif.; Difco bacteriological media were from BDH Chemicals, Toronto, Ontario; pZ523 spin columns were from 5 Prime->3 Prime Inc., Paoli, Pa.; ISO-GRID HGMF was from QA Laboratories Ltd., Toronto, Ontario; and the HGMF Replicator and HGMF Interpreter System were from Richard Brancker Research Ltd., Ottawa, Ontario.
Media and growth conditions. Stock cultures were maintained at room temperature in a semisolid medium consisting of meat extract (5.0 g), peptone (10.0 g), NaCl (3.0 g), Na2HPO4. 12H20 (2.0 g), and agar (10.0 g) per liter of medium; the final pH was 7.4. As required, Listeria strains were streaked to tryptose agar, and other organisms were streaked to brain heart infusion agar and incubated at 35°C, except for Brochothrix thermosphacta, which was incubated at 30°C. Recombinant strains were maintained under selective pressure with ampicillin. Libraries on HGMFs of the 100 organisms listed in Tables 1, 2, and 3 were prepared, replicated, and stored as described in Peterkin et al. (18) . Isolation of chromosomal and plasmid DNA. Chromosomal DNA was prepared by the procedure of Hadley and Deonier (11) , with the following modifications. After the preparation of protoplasts, the cell suspension was lysed by the addition of a solution of 50 mM Tris hydrochloride (pH 7.5), 62.5 mM EDTA, 2.5 M LiCI, and 0.4% Triton X-100 (TELT buffer; 2.5 ml/50 ml of culture), with incubation at 35°C for 1 h. After After incubation at 37°C for 10 min, the HRP-labeled probe (36 p,l) was added directly to the hybridization solution at the end of prehybridization. Colony blots on cellulose ifiters. Colonies grown on tryptic soy agar plates were blotted to a Whatman no. 541 cellulose filter (85-mm diameter) which was then transferred, colony side up, to a filter paper soaked with 0.5 N NaOH-1.5 M NaCl (lysis-denaturation solution). While on the filter paper, the colony blot was exposed to microwave irradiation (-700 W) for 30 s. It was then transferred, colony side up, to another filter paper soaked with a 0. Tables 1, 2 , and 3) was prepared, replicated, and hybridized with the 32P-labeled probes as described in Peterkin et al. (18) . Sixty additional L. monocytogenes strains (no. 41 to 100 in Table 1) were then added to the master HGMF for testing the chromogenlabeled probe. The master HGMF was replicated and the replicates were incubated as required. The preparation of the HGMF for hybridization was as already described (18) . The lysis of the bacterial cells and the denaturation of the DNA were accomplished by exposure of the HGMF carrying bacterial growth to microwave irradiation ('700 W) for 30 s while it was placed on a filter paper soaked with 0.15 M NaOH in 70% ethanol (2.5 ml; lysis solution). The hybridization procedure was a modification of the method of Downs et al. (7) . The treated HGMF, carrying denatured fixed DNA, was prehybridized at 38°C for 2 h in a bag containing a solution of 50% formamide, 2 x Denhardt solution, 12% polyethylene glycol 8000, and 0.1% SDS. HRPlabeled DNA probe (36 ,ul), prepared as described above, was added and hybridization was allowed to proceed overnight at 38°C. The HGMF was washed twice for 15 min at 38°C with vigorous shaking in 50% formamide-lx SSC-0.5% SDS and twice for 15 min at room temperature in 2x SSC. The presence of HRP was detected by placing the HGMF for up to 1 h in a color development solution consisting of 4-chloro-l-naphthol (60 mg) in cold methanol (20 ml) added to 30% hydrogen peroxide (60 p.l) in 20 mM Tris hydrochloride (pH 7.5)-500 mM NaCl (100 ml), producing a purple precipitate at the site of the reaction (22 (3) .
Screening of clones for hemolytic activity. Of the 2,500 recombinant clones picked to 7% horse blood agar plates, 7 (0.3%) clones produced zones of clearing indicating betahemolytic activity (Fig. 1) . The L. monocytogenes DNA inserts from these plasmids, named pIP1 to pIP7, had molecular sizes ranging from 490 to 4,140 bp.
Screening recombinant plasmid DNA for L. monocytogenes specificity. The development of a procedure which yields good-quality autoradiographs when performing colony hybridizations on HGMFs has been described previously (18 (Fig. 2) . The probe did not hybridize with other Listeria spp. or with organisms of other genera. A 1.4-kbp fragment prepared from a KpnI-PstI double digest of pIP5 DNA was then labeled with HRP in the same way. When tested by colony hybridization on HGMF against the 100 organisms, it gave the same results (not shown).
Automated counting of HGMFs. The HGMFs containing purple grid cells could be easily and accurately read in the HGMF Interpreter (Fig. 3) ; in the case of the HGMF shown in Fig. 2 
DISCUSSION
The automation of food microbiology ideally requires methods which are rapid and specific and which allow for electronic data acquisition. The use of enzyme-labeled monoclonal antibodies or DNA probes in colorimetric HGMF methods can fill these requirements. The detection step is rapid and specific compared with conventional methods (13) . Furthermore, the, growth of interest identified by a colored precipitate can provide an electronic signal by means of an automatic counter such as the HGMF Interpreter (22) . As well as this specific example, colorimetric labeling has additional advantages as compared with radioactive labeling, such as shorter detection periods, safer laboratory conditions, and no licencing requirements.
Colorimetric immunological methods are available at present for use with the HGMF (1, 19, 24 ). These methods are generic in that, given an antibody specific to the test organism and the sample preparation appropriate to the food, the enzyme-labeled antibody protocol can be applied to a wide range of microorganisms. In theory the same holds true for DNA probes, but the use of enzyme-labeled DNA probes in HGMF methods has not yet been explored.
Several radiolabeled DNA probes for the detection of Listeria spp., or for L. monocytogenes specifically, have been reported (2, 4, 5, 10, 14, 15, 17) . Three of the L. monocytogenes-specific probes have been used only for Southern blotting and their use has not yet been extended to colony hybridization (2, 10, 15). Notermans et al. (17) developed a radiolabeled DNA probe encoding a delayed hypersensitivity factor which detected L. monocytogenes and L. ivanovii strains in a colony hybridization method. The only probe reported for food use with a colorimetric label is the commercial probe sold by Gene-Trak Systems (14) . However, this has the disadvantage of being genus rather than species specific. As there is no evidence of other species in the Listeria genus than L. monocytogenes being pathogenic to humans (8) , it could be argued that it is preferable to use a DNA probe in foods to detect the pathogenic species rather than to use members of the genus Listeria as indicator organisms.
The colorimetric DNA probe method reported here, a direct colony hybridization technique on HGMF, shows no statistical differences from the accepted colony hybridization technique that uses colony blots. The validity of the automated counting by the HGMF Interpreter has been compared previously with manual counting by two analysts on seven types of food (22) . It showed no significant method differences at ai = 0.05. It appears that this HGMF-based method with electronic detection and counting of L. monocytogenes may be useful in food microbiology. Testing of the method in food products in the presence of mixed cultures is under way.
